Introduction
Left ventricular ejection fraction (LVEF) is the most commonly used instrumental parameter to evaluate patients with heart failure (HF). The major strength of LVEF is that it is a universally known and accepted parameter, not only by cardiologists but also by all physicians. In addition, LVEF is relatively easy to obtain, as it can be determined using any cardiac imaging technique. A further advantage is that in clinical practice LVEF can be evaluated visually on echocardiographic images, which means rapidly, especially at a patient's bedside or at home by means of portable echo scanners. Although all these features undoubtedly favour the use of LVEF in HF patients, there are also limitations. For example, LVEF does not correlate with patient symptoms, a normal LVEF does not exclude nor imply diastolic dysfunction, and LVEF cannot be used as a substitute for cardiac output.
The aim of this article is to briefly review the role of LVEF in HF patients and then discuss a different view on how to categorize these patients instrumentally based on a pathophysiological approach. 
Left ventricular ejection fraction as a classifier in heart failure patients

HFrEF group
2 : the lower the LVEF, the worse the risk of mortality (both for all and cardiovascular causes). This meta-analysis shows a better prognosis for HFpEF compared with HFrEF, but it is also true that once above 50% there is no relationship between LVEF and mortality, e.g. the risk of death is the same for a value of 60% or 70%. HFpEF patients have been reported to have an in-hospital mortality of 2.3-5%, a 1-year mortality rate of 22-29% and a 5-year mortality rate of 65%. 3 However, in clinical trials, cardiovascular causes accounted for more deaths in HFrEF than in HFpEF patients (83% and 70%, respectively). 3 The HFpEF diagnosis is often challenging. Therefore, when LVEF is normal, the ESC guidelines comprise an advanced work-up for objective demonstration of structural and/or functional alterations of the heart as the underlying cause for the clinical presentation. What about HFmrEF patients? They represent about one-fifth of the HF population. 4, 5 HFmrEF pathogenesis has been reported to be similar to that of HFrEF and different from true HFpEF: 6 this was related to the increased prevalence of coronary artery disease in HFmrEF and HFrEF, in contrast with the lower prevalence in HFpEF. 6 However, the resemblance of HFmrEF to HFrEF or HFpEF varies in different studies and mostly depends on the examined case series. Also, both HFrEF and HFpEF patients may become HFmrEF patients due to variations in LVEF, making it unclear whether HFmrEF represents a transitional status between HFpEF and HFrEF or an independent entity of HF. 7 The improvement of LVEF from HFrEF to HFmrEF (or HFpEF) may portend a better prognosis. 7 Finally, because the three HF categories are separated by only a few LVEF percentage points, the error and observer variability of standard echocardiography, which is the most widely used cardiac imaging technique in HF, may compromise accurate identification of borderline patients. 8 In the light of these considerations, the use of LVEF to differentiate HF patients has both advantages and disadvantages. Because LVEF may change from one HF category to the other, with consequent prognostic variation, its modifications over time should probably be taken into account as well as the aetiology, which might be key to the relationship between LVEF and prognosis, as discussed below.
Left ventricular ejection fraction and underlying cardiac disease
The classification of HF based on LVEF 1 applies indistinctly to all patients with HF and is not differentiated according to the aetiology of the cardiac disease, which, in turn, is important in conditioning prognosis. In this regard Felker et al. 9 showed that, even after adjustments for haemodynamic variables, patients with cardiomyopathy due to ischaemic heart disease have a worse survival than patients with non-ischaemic causes of cardiomyopathy. LVEF is also an inadequate surrogate for the underlying myocardial phenotype predisposing to malignant arrhythmias and is a poor indicator to stratify the risk of sudden cardiac death.
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Thus, it is the pathological substrate which, in many cases, constitutes the major prognostic determinant and LVEF may have a different prognostic significance according to the underlying HF aetiology.
Left ventricular ejection fraction as a pump index
LVEF is the ratio of LV stroke volume (SV), which is the volume ejected from the left ventricle, to end-diastolic volume (EDV). The LVEF value, therefore, depends closely and inversely on LVEDV. In other words, for the same SV, LVEF will be greater if EDV is smaller and vice versa. Thus, LVEF is unable to predict the magnitude of SV, which is the true indicator, when indexed for body size (SVi) and multiplied by heart rate (cardiac index), of the anterograde pump function. Only if EDV is known it can be understood whether the blood pumped forward, that is the SV, is preserved or reduced, whereas LVEF on its own is insufficient. Unfortunately, LVEF is often interpreted as an isolated parameter, especially when it is visually assessed on cardiac images.
A typical example of mismatch between LVEF and SV is a dilated left ventricle with a preserved SV: in this case LVEF can be reduced, even markedly, with SV being normal. The opposite is the case of paradoxical aortic stenosis: here, even if LVEF is normal, SV is reduced because the LV cavity volume is small. It is evident that the addition of SV evaluation to that of LVEF improves the assessment of pump dysfunction (type and severity): in fact, a reduced LVEF associated with low cardiac output is worse than a decreased LVEF with preserved cardiac output.
These examples reinforce the concept that LVEF alone cannot adequately describe LV pump function. In other words, HFpEF does not necessarily mean HF with preserved pump function as well as HFrEF does not necessarily mean reduced LVSVi or cardiac index.
. 
Left ventricular ejection fraction, neuro-hormonal compensation and cardiac remodelling
Neuro-hormonal compensation, remodelling and structural changes of the heart occur in HF. In particular, compensatory mechanisms may bring to structural changes and maladaptive remodelling. LVEF grossly separates the HF universe in two different populations, responding or not responding to the neuro-hormonal modulation, with consequent reduction or not of maladaptive remodelling. However, LVEF is not the most precise indicator of remodelling, as other metrics, such as LV volumes and mass, relate more closely to prognosis and to the impact of therapy. For instance, in patients with myocardial infarction, LV end-systolic volume further stratifies the patient's risk within groups with various degrees of LV dysfunction defined by LVEF.
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Therefore, the distinction of HFrEF or HFpEF could be only a step of a process leading to a better individual pathophysiological characterization of HF patients.
A different perspective
Let's look at HF from a pathophysiological perspective. According to the HF definition: 'a complex clinical syndrome that results from any structural or functional impairment of ventricular filling or ejection of blood', 12 a reduced cardiac output and an increased LV filling pressure are the two key elements. HFrEF and HFpEF do not match with this pathophysiological view. In fact, as we pointed out previously, a reduced LVEF does not necessarily imply a decreased cardiac output but may be associated with increased filling pressure; conversely, a normal LVEF may be associated with reduced LV ejection and/or augmented LV filling pressure. Therefore, for a better understanding of HF patients both cardiac output and LV filling pressure (or left atrial pressure) should be determined in addition to LVEF. They could be categorized as shown in Table 1 .
It should also be considered that a number of patients may have normal cardiac output and LV filling pressure (or left atrial pressure) but alteration of LVEF or other indices of LV systolic function (global longitudinal strain, wall motion score index, etc.) and/or mild alteration of LV diastolic function parameters (E/A ratio, E/e' ratio, e', etc.). This condition may occur at an early stage of a cardiac disease without HF or after the HF diagnosis as a result of efficacious treatments ( Table 1) .
This pathophysiological approach to HF could potentially be helpful to the clinician because it is expected to correlate better with symptoms than LVEF and may be used to confirm clinical diagnosis of HF. However, validation is needed for prognosis and to guide HF therapy.
From a practical point of view, both anterograde pump function and LV filling pressure (or left atrial pressure) can be assessed using Doppler echocardiography. Temporelli et al. 13 showed that cardiac output evaluated by Doppler echocardiography correlates and agrees well with haemodynamic measurements (r = 0.94), also after loading manipulation (r = 0.87).
13 The method has acceptable reproducibility for clinical application 13, 14 and is already in current clinical practice, since it is commonly used to calculate anterograde SV when assessing effective aortic valve area in aortic stenosis, mitral regurgitant fraction and Qp/Qs ratio in atrial septal defect.
Regarding LV filling pressure, Ritzema et al. 15 evidenced that single and serial Doppler echocardiographic evaluations can reliably detect raised directly measured left atrial pressure in ambulant subjects with compensated chronic HF. Recently, Andersen et al. 16 showed that Doppler echocardiographic assessment of LV filling pressure is feasible and accurate and, when combined with clinical data, leads to a more accurate diagnosis of HF, regardless of LVEF.
Other techniques, especially magnetic resonance and nuclear imaging, can be used to accurately evaluate LV function but they cannot be applied extensively to all the HF patients.
The pathophysiological approach shown in Table 1 also has limitations. Only functional evaluations have been included in this approach, which does not consider structural aspects. This approach apparently does not incorporate the concept of disease progression. However, an advanced disease is expected to worsen systolic and/or diastolic LV dysfunction, thus the combined assessment of both LV functions could be a better approach to disease progression than LVEF alone. It is unknown whether cardiac output and LV filling pressure have a more stable behaviour than LVEF, which may vary over time from one group to another of the ESC classification. Aetiology affects prognosis regardless of cardiac output 9 and should be taken into account as for LVEF. Finally, in some cases, resting cardiac output and LV filling pressure could not adequately characterize patients and a stress assessment could potentially provide more information, as shown with other indices of LV systolic function.
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Conclusions
LVEF is currently the most commonly used cardiac imaging parameter in HF patients and is utilized to guide therapy in patients with HFrEF. However, LVEF alone cannot adequately categorize all HF patients and should be integrated in a more comprehensive approach. Aetiology should be considered as a key determinant of prognosis. 
